Protein conformer selection by sequence-dependent packing contacts in crystals of 3-phosphoglycerate kinase.
In several crystal structures of 3-phosphoglycerate kinase (PGK), the two domains occupy different relative positions. It is intriguing that the two extreme (open and closed) conformations have never been observed for the enzyme from the same species. Furthermore, in certain cases, these different crystalline conformations represent the enzyme-ligand complex of the same composition, such as the ternary complex containing either the substrate 3-phosphoglycerate (3-PG) and beta,gamma-imido-adenosine-5'-triphosphate (AMP-PNP), an analogue of the substrate MgATP, or 3-PG and the product MgADP. Thus, the protein conformation in the crystal is apparently determined by the origin of the isolated enzyme: PGK from pig muscle has only been crystallized in open conformation, whereas PGK from either Thermotoga maritima or Trypanosoma brucei has only been reported in closed conformations. A systematic analysis of the underlying sequence differences at the crucial hinge regions of the molecule and in the protein-protein contact surfaces in the crystal, in two independent pairs of open and closed states, have revealed that 1) sequential differences around the molecular hinges do not explain the appearance of fundamentally different conformations and 2) the species-specific intermolecular contacts between the nonconserved residues are responsible for stabilizing one conformation over the other in the crystalline state. A direct relationship between the steric position of the contacts in the three-dimensional structure and the conformational state of the protein has been demonstrated.